As gemcitabine is a key anti-tumor agent for unresectable pancreatic ductal adenocarcinoma (PDAC), it is important to predict the outcomes of gemcitabine chemotherapy. The present study aimed to confirm whether the derived neutrophil-to-lymphocyte ratio (dNLR) is able to predict chemotherapy outcomes. To elucidate the role of dNLR in patients that underwent chemotherapy, the current study evaluated clinicopathological variables in 31 patients with unresectable PDAC treated with gemcitabine. The correlation between clinicopathological variables, and progression-free survival (PFS) and overall survival (OS) time were investigated. Univariate analysis revealed that there were no significant differences in PFS and OS as a function of age (<65 vs. ≥65 years), gender, tumor location (pancreas head vs. body/tail), tumor diameter (<23 vs. ≥23 mm) or serum carbohydrate antigen 19-9 concentration level (<3,800 vs. ≥3,800 U/ml). However, disease stage (locally advanced vs. metastatic) and the dNLR (<2.5 vs. ≥2.5) significantly affected PFS and OS. Multivariate analysis subsequently revealed that a dNLR of ≥2.5 was an independent prognostic factor for poor PFS (P=0.003) and OS (P=0.026). In conclusion, data from the present study suggests that the pre-treatment dNLR is an independent prognostic factor to predict PFS and OS in patients with unresectable PDAC treated with gemcitabine. This indicates that dNLR has a potential role in stratifying patients that may benefit from gemcitabine therapy.
Introduction
Pancreatic ductal adenocarcinoma (PDAC) remains a worldwide healthcare dilemma (1) . Due to the improved quality of imaging modalities and other diagnostic procedures, the annual incidence of PDAC has increased in various countries, being the fourth leading cause of cancer-associated mortality in the USA, with an overall 5-year survival rate of ~10% (2) . One of the standard treatments for PDAC is gemcitabine chemotherapy, as ~80% of patients present with unresectable or metastatic disease (3) . Clinical trials have demonstrated that several new chemotherapy regimens have superior anti-tumor efficacy compared with gemcitabine (4, 5) . However, gemcitabine remains a key chemotherapeutic agent for palliative chemotherapy in patients with PDAC due to its moderate anti-tumor effect and limited adverse events. Numerous studies aiming to stratify patients using molecular markers, including human equilibrative nucleoside transporter 1 and ribonucleotide reductase regulatory subunit M1, have been conducted to determine candidates for whom gemcitabine treatment would be optimal (6) (7) (8) . These molecular markers are reliable predictive markers for gemcitabine response in patients with PDAC, but typically require specialized equipment that is difficult to utilize in routine clinical practice.
Previous studies have revealed that tumor inflammation is important in carcinogenesis, cancer progression and chemotherapy resistance (9) (10) (11) . Among various immunological processes, neutrophils and lymphocytes are reported to have a vital role in tumor inflammation and immunology. It has been demonstrated that the peripheral blood neutrophil-to-lymphocyte ratio (NLR), or more recently the derived NLR (dNLR), may be a reliable prognostic marker in various types of cancer, including PDAC (12-18), However, the use of the dNLR in predicting susceptibility to chemotherapy has not been evaluated. Therefore, the present study aimed to evaluate whether the dNLR is a reliable predictive marker for gemcitabine response in patients with unresectable PDAC. In addition, the efficacy of the dNLR was compared with other clinicopathological markers, including serum carbohydrate antigen (CA) 19-9 level. We consider it clinically important to identify patients that will not have a robust response to gemcitabine and to identify those that should instead be treated with highly intensive chemotherapy regimens, in order to maximize the therapeutic window.
Patients and methods
The present retrospective cohort study reviewed data from patients diagnosed with unresectable PDAC, including locally advanced and metastatic disease, at Fukushima Medical University (Fukushima, Japan) between September 2006 and January 2014. Patients with histopathologically confirmed PDAC were included, whereas those who were assumed to have PDAC based on imaging findings or serum tumor marker levels were excluded from the study. Additionally, patients with rare primary pancreatic neoplasms, including acinar cell carcinoma or neuroendocrine carcinoma, were excluded. All patients were chemotherapy-naïve prior to undergoing >2 cycles of gemcitabine treatment at 1,000 mg/m 2 on days 1, 8 and 15 of a 28-day cycle. Adverse events were graded according to the National Cancer Institute Common Toxicity Criteria version 4.0, within the Cancer Therapy Evaluation Program (http://dctd.cancer .gov/ProgramPages/CTEP/, accessed on May 6, 2013). If severe hematological toxicity (>grade 3) was observed, the dose was reduced to 800 mg/m 2 ; if patients were unable to tolerate this reduced dose, the dose was administered biweekly. Patients were treated with gemcitabine alone until disease progression or unacceptable toxicity (grade >3 adverse events in biweekly treatment protocol) was observed. When gemcitabine treatment failed, additional treatment was administered based on the physicians' decision. All clinicopathological data utilized in the present study were measured immediately prior to the initial chemotherapy session. The dNLR was calculated using the following formula: Neutrophil count / (white blood cell count -neutrophil count) (19) . The present study was approved by the institutional review board (IRB) of Fukushima Medical University (Fukushima, Japan) as a retrospective cohort study (protocol number, 2286). The IRB of Fukushima Medical University waived the need for written informed patient consent due to the retrospective non-interventional nature of the study.
Statistical analysis. The progression-free survival (PFS) and overall survival (OS) time were calculated from the date of histological diagnosis to the date of disease progression and mortality, respectively, since no complete response was observed in any of the patients of the present cohort. Receiver operating curve analysis was conducted to determine ideal cut-off values of poor prognosis for the following continuous variables: Tumor diameter, serum CA 19-9 level and the dNLR. The association of each clinicopathological parameter [age, gender, tumor location, maximum tumor diameter, disease stage (locally advanced unresectable PDAC or PDAC with metastatic lesions), serum CA 19-9 level and dNLR] with PFS and OS were investigated. Survival analysis was performed using the Kaplan-Meier method with log-rank test in univariate analysis. Multivariate Cox regression analysis using forward stepwise selection was performed to determine the effect of clinicopathological variables on survival time. Statistical analysis was performed using SPSS (version 21; IBM SPSS, Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Between September 2006 and January 2014, 243 patients were diagnosed with PDAC. Among them, 31 patients who met the inclusion criteria were included in the present retrospective analysis. The majority of patients were excluded because of loss to follow-up. Clinical patient characteristics are indicated in Table I . Briefly, the cohort included 17 male and 14 female patients with a median age of 61 years (range, 49-75 years). The median PFS and OS times were 96 days (range, 20-700 days) and 251 days (range, 71-781 days), respectively.
The ideal cut-off values to predict the clinical outcome of continuous variables were tumor diameter of 23 mm, serum CA 19-9 level of 3,800 U/ml and dNLR of 2.5.
Univariate analysis revealed that there were no significant differences in PFS and OS time as a function of age (<65 vs. ≥65 years), gender (male vs. female), tumor location (head of the pancreas vs. body and tail of the pancreas), tumor diameter (<23 vs. ≥23 mm) or serum CA 19-9 level (<3,800 vs. ≥3,800 U/ml). By contrast, disease stage (locally advanced vs. metastatic) and the dNLR (<2.5 vs. ≥2.5) significantly affected the PFS (P=0.02 and P=0.002, respectively) and OS (P=0.006 and P=0.006, respectively; Table I ). The dNLR was an independent prognostic factor for PFS and OS time according to multivariate analysis (P=0.003 and P=0.026, respectively; Table II ) and Kaplan-Meier survival analysis (P=0.002 and P=0.006, respectively; Fig. 1 ).
Discussion
To the best of our knowledge, there have been no studies investigating the association between the dNLR and tumor response to gemcitabine in patients with unresectable PDAC. The present study aimed to clarify the role of dNLR and other clinicopathological factors to predict PFS and OS time in patients with locally advanced unresectable or metastatic disease treated with gemcitabine.
With regard to gemcitabine, several molecular markers have been observed to predict response and prognosis. Human equilibrative nucleoside transporter 1, which regulates the intracellular uptake of gemcitabine into cancer cells, is a well-established molecular marker that is able to predict susceptibility to gemcitabine or prognosis in patients with pancreatic cancer following treatment (6, 20, 21) . Other molecular markers, including serum tumor markers carcinoembryonic antigen and CA 19-9, tumor tissue Notch 3 mRNA expression levels, and serum interleukin (IL)-6 and IL-1β levels, have been proposed as good markers to predict response to gemcitabinen in PDAC patients (22) (23) (24) . However, various of the above markers of gemcitabine response have not been routinely utilized in clinical practice due to excessive costs and technically challenging factors. Proctor et al developed the dNLR by utilizing the readily accessible clinical variables of white blood cell and neutrophil counts (19) . Although dNLR was revealed to be as useful as NLR in predicting the prognosis of patients with breast and colorectal cancer, the usefulness of dNLR as a marker for predicting the prognosis of patients with PDAC could not be verified in that study, due to the limited number of PDAC patients included in the heterogeneous population analyzed by the authors (19) . Subsequently, Absenger et al performed an external validation study of the dNLR on a large cohort of patients with PDAC and confirmed that the pre-treatment dNLR was an independent prognostic factor for the clinical outcome of patients with PDAC (16) . Based on the aforementioned results, the present study further focused on the role of the pre-treatment dNLR to predict response to gemcitabine in patients with unresectable PDAC. A dNLR of >2.5 was an independent predictive marker of poor PFS and OS time, whereas the traditional predictive marker CA 19-9 did not exhibit any significance in predicting response or survival.
Newer chemotherapy regimens, such as FOLFIRINOX or gemcitabine plus nab-paclitaxel, demonstrate superior anti-tumor efficacy compared with gemcitabine (4,5), although not all patients can tolerate these regimens. In a previous study, the incidence of severe neutropenia and thrombocytopenia was significantly higher in patients treated with FOLFIRINOX compared with those administered gemcitabine alone (45.7 vs. 21.0% and 9.1 vs. 3.6%, respectively) (4). Similarly, grade 3 or 4 neutropenia and febrile neutropenia were more frequent when a combination of gemcitabine plus nab-paclitaxel was administered compared with gemcitabine alone (38 vs. 27% and 3.0 vs. 1.0%, respectively) (5). However, a post-hoc analysis of the metastatic adenocarcinoma of the pancreas study revealed that the combination of gemcitabine plus nab-paclitaxel may contribute to longer OS compared with gemcitabine monotherapy, even in patients with high inflammation marker levels (for example, high NLR) (25) . Taken together, the findings of previous studies and the present study suggest that patients with a low dNLR can be treated with gemcitabine monotherapy, whereas those with a high dNLR may require highly intensive regimens for disease management.
A limitation of the current study was that it was a single-center study with a limited number of patients; therefore, the results should be validated in a larger population across multiple clinical sites.
In conclusion, the pre-treatment dNLR appears to be an independent prognostic factor for predicting the OS and PFS time of patients with unresectable PDAC. In addition, the results indicate the potential role of the dNLR to stratify patients who should be treated with highly intensive regimens rather than gemcitabine alone.
